Abstract-A UHF signal processing technique is described in the Fourier Space-Angle domain that uses an array of scattering elements with reflection coefficients modulated at baseband. The illumination arrival angle distributes a UHF phase across the array, and the baseband modulator phase at each of the array elements determines the radiation angle of the desired scattered product. Undesired products are re-radiated in different directions. Example 1, 2 and 4 element arrays operate at 432 MHz array with 700 Hz modulation. 2 element arrays cancel one sideband, and the 4 element array cancels both the undesired sideband and 2 nd order products. Reflection coefficient modulation uses slow electronics, and scattered signals are summed in space, so this technique is attractive at much higher frequencies.
I. INTRODUCTION
The modulated scattering technique has been widely used since an initial description by Stockman in the 1940s [1] . Communications, RFID, microwave tomography, wireless sensor networks, and IoT sensor examples are described in [2,3,4, and 5] . Bolomey and Gardiol have written a standard text on the subject [6] . The typical modulator is a switch, and on-off modulation introduces a distribution of harmonic products around the illumination signal. The technique described here uses an array of modulated scatterers with element spacing, illumination arrival angle, and modulation phases adjusted so that desired modulation products radiate at some angle and other products radiate at different angles. This is the space-angle implementation of techniques previously described to suppress undesired products in passive summing networks, for example in [7] . Figure 1 illustrates the technique, roughly to scale for the 432 MHz illumination and scattered signals and an array of 4 small yagi antennas in the anechoic chamber. The size of the array is larger than desirable for the limited space in the chamber, and some improvement might be expected using focusing techniques, but these initial results are promising. Figure 2 is one of four identical modulators, using an HP5200-2835 low-barrier Schottky diode. The modulators and yagi antenna elements are described in detail in [8] . It is noteworthy that the reflection coefficient modulators only need to change state at the 700 Hz baseband frequency, and experiments using 1N4148 PN diodes indicate that spaceangle signal processing is attractive at frequencies much higher than the usual limits of semiconductor devices.
II. THEORETICAL BACKGROUND
The theory of signal processing in the space-angle Fourier domain may be approached from an antenna array [9, 12] or electronic perspective [14] . This short paper format does not permit a complete theoretical treatment of either case. Referring to figure 1, a CW signal at 432 MHz illuminates the array, arriving at angle Θ. Basic geometry using wavelength, arrival angle Θ and element spacing d allows us to calculate a relative illumination phase distribution across the array. The diode reflection coefficient modulator at each array element is switched on and off at 700 Hz using relative phases φ1 = 0, φ2 = 90, φ3 = 180, and φ4 = 270 degrees. For our experiments, λ = 69.3 cm, and d = 50 cm. This results in an illumination phase distribution of 0, 90, 180, and 270 degrees across the array at an arrival angle θ of 20 degrees. Several pages of straightforward calculations, using sine and cosine sums of the resulting signals or ray tracing sums of E and H fields at the receive antenna, show cancellation of the opposite sideband. Geometry and approximate scale drawing of the 4 element array, illumination CW source, and receive antenna in the anechoic chamber.
A two element array allows us to suppress one undesired modulation product, on one side of the illumination CW source frequency, as in classical I Q modulation. In the space-angle domain, the undesired modulation is not suppressed, it just radiates at a different angle. It is useful to think of the different modulation products as sidelobes of the array. Figure 3 shows an array pattern with illumination angles labeled according to which modulation product adds in 978-1-5386-5067-7/18/$31.00 © 2018 IEEE 2018 IEEE/MTT-S International Microwave Symposium phase at the receiver. The center lobe is the backscatter direction. Fig. 2 . One of four identical reflection coefficient modulators
As in classical antenna array theory, additional elements permit suppression of more sidelobes [10] [11] 13] . Figure 4 is a photograph of the 2 element array in the anechoic chamber, and Figure 5 is the 4 element array. 
III. MEASURED RESULTS
Signals at the receive antenna in figure 1 are converted to the 0 to 20 kHz baseband output of an instrumentation receiver without automatic gain control and 100 dB noise floor to clipping level dynamic range. The receiver audio output is processed using SignalScope running on a laptop. Output spectrum plots in figures 6, 7 and 8 have a relative scale of 0 dB at approximately the receiver clipping level. The center peak in the figures is the down converted CW illumination frequency, which arrives at the receiver from sidelobes in the illumination and receive antennas and backscatter from the array elements and cables. The amount of CW leakage is highly variable and of little interest as long as it is not too large. The anechoic chamber is necessary to ensure that illumination arrives on the intended path. Figure 6 shows modulation sidebands with a single yagi array element as described in [8] . As expected, the modulation sidebands are symmetrical, and harmonics of 700 Hz out to the 5 th are significant. Figure 7 shows the received signal baseband spectrum from the 2 element array with 0 and 90 degree modulation. Note that the lower sideband is suppressed, but the lower third harmonic sideband is enhanced. Similarly, the upper third harmonic sideband is suppressed. This is expected, as the third harmonic phase is 270 degrees (3x90). 432 MHz CW illumination source on left and instrumentation receiver on right, outside the anechoic chamber.
IV. CONCLUSIONS
This necessarily brief treatment of early results with arrays of modulated scatterers at UHF shows the practicality of this concept. From basic Fourier Theory the advantages of arrays with more than 4 elements are evident, and our ongoing work is at higher frequencies where such arrays are practical in our anechoic chamber. From figure 1 it is clear that focusing the array, by carefully ray-tracing the path from illumination source to each array element and then on to the receiver, has potential. Focusing may either be mechanical, by physically displacing the array elements, or by introducing correction terms in the baseband modulation. Of particular interest is that the reflection coefficient modulators switch slowly, at the baseband frequency. Only the reflection coefficient needs to change at the illumination and scattered frequency. The desired output signals are added in space, without the need for electronics, waveguide, or transmission lines. The upper frequency limit of the technique depends only on the availability of a device or material that changes its reflection coefficient in response to a slowly changing baseband signal.
